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Abstract 
The purpose of this work is twofold. First, it aims to analyze the teaching and learning processes applied to degrees that enable 
regulated professional activities for both Technical Industrial Engineering and Industrial Engineering. More precisely, it 
examines the competences related to Manufacturing Engineering, either at the Bachelor’s or Master’s Level. Second, it intends 
to establish a simple and easy process to evaluate the competences acquired in a certain Bachelor’s or Master’s degree. As a 
result, it will be possible to identify current weaknesses in the study plans. This could be the universities’ starting point in the 
definition of procedures and areas for improvement that allow for a better match among study plans, the acquisition of 
competences, and the learning results finally achieved.  
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The framework in which the curricula for Industrial Technical Engineering and Industrial Engineering are 
developed must be established. 
The quality guarantee within the European Higher Education Area (EHEA) is driving the Spanish University 
System to an unprecedented Verification-Monitoring Degree-Accreditation process level. The quality guarantee, a 
pillar of the EHEA, pursues the promotion of mutual recognition and the transparency of the offered degrees. 
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The framework defined by the R.D. 1393/2007 (2007), and a later modification in R.D 861/2010, establishes the 
organization of the official university studies. This includes degrees in Industrial Technical Engineering (through 
the corresponding degrees) and Industrial Engineering (after completing the corresponding Master’s degree in 
Industrial Engineering). In this Industrial field, the Official State Bulletin (BOE, for its initials in Spanish) (2009) 
and the resolution of 15 January 2009 from the State Secretary for Universities makes public the Council of 
Ministers Agreement establishing the conditions for the organization of university studies that lead to the degrees 
that entitle an individual to work as a Technical Engineer. Among others, the Official Order CIN/351/2009 (2009), 
of the 9th of February, establishes the requirements for the verification of the official university studies that entitle 
an individual to work in the Industrial Technical Engineer profession. The Official Order CIN/311/2009 (2009), of 
the 9th of February, does the same for the Industrial Engineering degrees.  
Industrial Engineering is an Engineering branch that is oriented towards the project, construction and production 
within the industry and its general transformations. It embraces a great number of related traditional and future-
oriented fields. The education of the Industrial Engineer consists of the acquisition of scientific bases, the study of 
the most important technologies and a specialization in one or more of these technologies. This education 
contributes to a noticeable generalist character that sustains the professional attributions of the Industrial Engineer 
that are recognized by law.    
      Table 1. Compulsory credits for the Industrial Engineering program. 
  Common Education (204 ECTS)       
  Bachelor's 126 ECTS   
Máster's 66 
ECTS 
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At present, there are several Bachelor’s degrees within the Industrial branch (Mechanic Engineer, Electric 
Engineer, Chemistry Engineer, Industrial Technologies Engineer, etc.). The Spanish universities have defined 
multiple engineering curricula following the ministry order that regulates the Technical Industrial Engineer 
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specialties (Official Order CIN/351/2009, ANECA (2012), BOE (2010)) and the related degrees (Degrees in 
Management, Energy, Materials, Design, etc.) that do not require a ministry order for their regulation.  
There are several alternatives for the design of the Industrial Engineering Master’s curriculum. The curriculum 
is composed of the degree studies and the Master’s itself, in accordance with the Conferences of the Industrial 
Engineering and Industrial Technical Engineering Directors. Within the European Credit Transfer System (ECTS), 
the Bachelor’s degree has a fixed duration of 240 ECTS, and the Master’s degree is of variable duration, with a 
range of 66 to 120 ECTS. This results in 114 ECTS for a Bachelor’s and between 0-54 ECTS for a Master’s degree 
of freely defined credits by each university (see Table 1). 
2. Accreditations for engineering studies in Spain  
Engineering studies are particularly unique within the university systems around the world. This is due to the 
nature of the associated professions and responsibilities that become more complex daily.  
The Guidelines for Quality Assurance within the EHEA, or to be more precise, the mechanisms for quality 
assurance, must ensure the level and depth of the students’ acquired skills along the educational process. Despite 
the mechanisms that are defined, one can state that the academic knowledge and acquired skills, although 
necessary, are not sufficient to promote the set of skills that a professional in the relevant fields requires.  
There are two clearly differentiated alternatives for obtaining a degree in Engineering. The first alternative 
corresponds to the coursework regulated by the state, which has the ultimate responsibility for the teaching 
subjects and granting the professional degree. To meet the last condition, it is necessary to obtain an academic 
degree that entitles the graduating students to perform their profession with full responsibility. The second 
alternative applies to the degree in Industrial Engineering, which is achieved indirectly, as the academic degree is a 
necessary requirement, but is insufficient. In this latter case, engineering associations or institutions specific in 
their knowledge area control the accreditation process and, at times, organize access exams or the evaluation of 
certain periods of professional practice, ABET (2010). The present study does not cover the accreditation for the 
engineering studies in detail. 
3. Methodology 
Within the Manufacturing Engineering area, there are several objectives described in the CIN/351/2009 official 
order. These are enumerated in Table 2, and we denote them as General Competences of the Degree (G-CG, for its 
initials in Spanish). 
3.1. Competences for the Manufacturing Engineering area of Technical Industrial Engineering (Bachelor Degree)  
Within the Manufacturing Engineering area, there are several objectives described in the CIN/351/2009 official 
order. These are enumerated in Table 2, and we denote them as General Competences of the Degree (G-CG, for its 
initials in Spanish). 
Table 2. General competences for the Manufacturing Engineering CIN/351 
Competence code Description 
G-CG1. Ability to redact, design and develop projects in the industrial engineering field. The purpose of the projects have to be 
defined according to the acquired knowledge established in the 5th section of this official order, which refers to the 
construction, remodeling, conservation, demolition, manufacturing, installation, assembly or exploitation of structures, 
mechanical equipment, energy installations, electric and electronic installations, installations, industrial plants, 
manufacturing processes and automation. 
G-CG2. Ability for directing activities within a Project as it has been described in the previous point. 
G-CG3. Knowledge of the basic subjects and technologies that help in learning new methods and theories. Ability to adapt to new 
situations.  
G-CG4.  Ability to resolve problems with initiative, decision making, creativity, critic reasoning and communication skills for 
789 M.A. Lope Domingo et al. /  Procedia Engineering  63 ( 2013 )  786 – 795 
transmitting knowledge, abilities and skills for Industrial Engineering.  
G-CG5.  Knowledge of the implementation of measurements, computations, evaluations, appraisal, technical studies, planning 
reports and other similar tasks.  
G-CG6. Ability for the management of specifications, regulations and mandatory norms. 
G-CG7.  Ability to analyze and evaluate the social and environmental impact of the proposed solutions.  
G-CG8.  Ability to apply quality principles and methods.  
G-CG9.  Ability for organization and planning within the business scope or other organizations or institutions.  
G-CG10.  Ability to work within a multi-lingual and multidisciplinary environment.  
G-CG11. Knowledge, understanding and ability to apply he legislation along the exercise of the Technical Industrial Engineer 
profession. 
 
However, the curriculum defines the particular modules related to the Manufacturing Engineering coursework 
and G-CE (Specific Competences of Bachelor Degree) (see Table 3). 
Table 3. Specific competences for the Manufacturing Engineering CIN/311 
Competence code Description 
G-CE15. Common module of the industrial branch: Basic knowledge of the production and manufacturing systems. 
G-CE 26. Module of Technology: Knowledge of mechanics applied to the manufacturing systems and processes, metrology and 
quality control. 
 
Finally, we should add the Degree’s Final Project (DFP), which is common to all students, with the competence 
(CE-DFP) “Original work to be realised individually and to be defended in front of a university committee. The 
DFP consists of a project within the scope of the specific technologies of the Industrial Engineering profession. It 
has to synthesise and integrate the competences acquired in the educational period”.  
3.2. Competences in the Manufacturing Engineering Degree within the scope of Industrial Engineering (Master’s 
Degree) 
The Official order CIN/311/2009 establishes that the student must acquire a set of competences to receive the 
Manufacturing Engineer degree. The specific modules for Manufacturing Engineering (Module of Industrial 
Technologies, Management Module, Installations, Plants, and Complementary Constructions Module and the 
Master’s Final Project (MFP)) are included within the definition of the curriculum. 
Within the scope of the Industrial Engineering Degree, the Official order CIN/311/2009 defines that the student 
must acquire the competences shown in Table 4 to obtain a degree in Manufacturing Engineering. We denote these 
competencies as M-GC (Master’s General Competences). 
Table 4. General competences for the Manufacturing Engineering CIN/311 
Competence code Description 
M-CG1. Have adequate knowledge of the scientific and technological aspects: mathematical, analytical and numerical methods in 
engineering, electric engineering, energy engineering, chemistry engineering, mechanical engineering, mechanics of the 
continuous media, industrial electronics, automation, manufacturing, materials, quantitative methods for management, 
industrial informatics, urbanism and infrastructure. 
M-CG2. Plan, compute and design products, processes, installations and plants. 
M-CG3. Direct, plan and supervise multidisciplinary teams. 
M-CG4. Perform research, development and innovation of products, processes and methods. 
M-CG5. Design strategic planning and apply it to constructive systems as well as productive, quality, management environmental 
systems. 
M-CG6. Economic and technical management of projects, installations, plants, business and technological centers. 
790   M.A. Lope Domingo et al. /  Procedia Engineering  63 ( 2013 )  786 – 795 
Again, the curriculum definition includes the particular modules that are related to Manufacturing Engineering 
(see Table 5), M-SC (Master’s Specific Competences). 
Table 5. Specific competences for the Manufacturing Engineering CIN/311 
Module name Competence 
Industrial Technologies.. M-CE2: Knowledge of and ability to plan, compute and design integrated manufacturing systems.  
M-CE7: Ability to design electronic and industrial instrumentation systems.  
M-CE8: Ability to design automated production systems and advanced process control. 
Management. M-CE13: Knowledge of information systems for industrial direction and organization, production 
systems and logistics and quality management systems. 
M-CE14: Abilities for work planning and human resource management. Knowledge of work safety.  
M-CE15: Knowledge of and ability for integrated direction of projects.  
M-CE16: Ability to manage Technological Research, Development and Innovation. 
Installations, plants and 
complementary constructions. 
M-CE21: Knowledge of transport and industrial provision methods and techniques. 
M-CE22: Knowledge of and ability to verify and control installations, processes and products.  
M-CE23: Knowledge of and ability to certify, audit, verify and perform reports. 
 
Similarly, it is necessary to add the MFP that is a common requirement for all students with the competence 
(CE-TFM) “Realisation, presentation and defence, after completing all of the credits in the curriculum, of an 
original work individually developed in front of a university committee. The MFP consists of a professional level 
and integral Industrial Engineering project. The MFP has to synthesise the competences acquired along the 
educational period.”  
3.3. Framework  
According to the above description, it is necessary for universities and colleges to define a procedure that 
evaluates the students’ acquired competences. The purpose of this is twofold. First, the procedure must apply the 
RD 1393/2007 and its amendment 861/2010: “8.2 General procedures for the University to evaluate the progress 
and results of the student’s learning in terms of the respective competence, etc.” Second, it must allow the centres 
to have knowledge of the level and effectiveness of the educational program applied through different processes, 
from the objectives that have been defined in the curriculum and all of the auxiliary strategic or fundamental 
processes (mobility, tutorials, reception, human resources, material resources, etc.) to the evaluation of the 
student’s acquired competences (see Figure 1). This will measure the level of satisfaction of the graduates and 
society.  
From the different curricula in Spanish universities, one can analyze how the students acquire the required 
competences within the scope of Manufacturing Engineering.  
For the particular case of the Bachelor’s degree (see Figure 2), significant differences can be observed between 
the number of courses that are required to achieve a specific general competence (26 courses for the G-CG3 or 4 
for the G-CG8 and G-CG9). The current paper does not aim to evaluate the appropriateness of courses and 
competences, as this is the role of the university. 
However, let us analyze an example for a particular degree. Competence G-CG10 “Ability of work in a multi-
lingual and multidisciplinary environment” can be acquired through 21 courses, as follows: Material Science, 
Business Management, Electronics, Electrical Engineering, Structures, Fluid mechanics, Informatics, 
Manufacturing Engineering, Fluid Engineering, Machine Engineering, Material Engineering, Project Engineering, 
Graphical Engineering, Environmental Engineering, Machines, Continuous Media Mechanics, Systems, Productive 
Systems, Thermodynamics, Thermal Engineering and Master’s Final Project. This example clearly shows that it is 
not possible to evaluate the competence or that it suffers from evaluation excess.  
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Fig. 1. Generic Educational Program Organisational Chart. Source: Spanish National Agency for Quality Assessment and Accreditation 
(ANECA, for its initials in Spanish)
From the different curricula in Spanish universities, one can analyse how the students acquire the required
competences within the scope of Manufacturing Engineering.
For the particular case of the Bachelor’s degree (see Figure 2), significant differences can be observed between
the number of courses that are required to achieve a specific general competence (26 courses for the G-CG3 or 4
for the G-CG8 and G-CG9). The current paper does not aim to evaluate the appropriateness of courses and
competences, as this is the role of the university.
Fig. 2. Number of courses required to obtain the General Competences in a Bachelor’s degree.
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However, let us analyze an example for a particular degree. Competence G-CG10 “Ability of work in a multi-
lingual and multidisciplinary environment” can be acquired through 21 courses, as follows: Material Science,
Business Management, Electronics, Electrical Engineering, Structures, Fluid mechanics, Informatics, 
Manufacturing Engineering, Fluid Engineering, Machine Engineering, Material Engineering, Project Engineering,
Graphical Engineering, Environmental Engineering, Machines, Continuous Media Mechanics, Systems, Productive
Systems, Thermodynamics, Thermal Engineering and Master’s Final Project. This example clearly shows that it is
not possible to evaluate the competence or that it suffers from evaluation excess.
The grade-specific competencies have been defined in a more rational manner. The G-CE15 competence is
acquired in most of the degrees (through 1 or 2 courses depending on the university). The G-CE26 competence can
only be acquired in the degrees of Mechanical and Industrial Technology (through the completion of 1, 2 or 3
courses), as it is specific to the Mechanical Engineering Branch. However, examples show that this competence is
not included in the Industrial Technology degree.
For the case of the Master’s degree in Industrial Engineering, we analyse seven universities that currently offer 
this degree for the 2011/2012 academic year. The gathered information is public. Analysing the competences in
those degrees, we note that all are present in a significant number of courses, but with noted differences between
universities (see Figure 3). In one case, the competences are not related to courses; therefore, it is not presented in 
the graphical representation. Only six universities for the six general competences are displayed in the figure.
Fig. 3. Number of courses necessary to acquire the General Competences in seven Master’s level degrees.
The specific competences are typically acquired through a single course. The MFP and business apprenticeships
complement this process (Figure 4).
Fig. 4. Number of courses necessary to acquire the General Competences in seven Master’s degrees.
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4. Procedure
Given the divergence in the different Bachelor’s and Master’s degrees, according to the university under 
consideration, one can conclude that it is necessary to define an analysis of the curricula at multiple levels.
Level 1: First, it is necessary to establish the relations between competences that exist for the different courses
in the curriculum. This will allow for the detection of errors, deficiencies, or disproportioned competences. For
example, in this manner, it is possible to observe that the only courses that cover the competence “Ability to
conceive, design and develop Engineering projects” are Mathematics I, Mathematics II and Mathematics III. The
competence “Ability to resolve and take decisions with initiative, creativity and critic reasoning” is acquired by the
completion of more than 80% of the courses (Figure 5).
Figure 5. Relations between competences and courses within the Mechanic Engineering Bachelor’s degree. Range of the competences.
Level 2: In a second phase, it is necessary to consider the grades of the students who graduate within one
academic or calendar year. It is not necessary to take into account whether a student needs more time, as this is
accounted for in the success rates, performance and graduation rates that are presented in the RD 1892 and 861.
The universities are in charge of evaluating these parameters. We aim to analyze the level of competence
acquisition of students who have completed all courses, including the DFP or FMP.
Level 3: In the third phase, we must perform an analytical estimation for the competence acquisition. This is
performed based on the grades obtained by each student (group, genre, etc) for each course (related to several
competences, both general and specific). Each grade is averaged by the number of credits. Thus, for each
competence,
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Ci = SUM ((Course where Ci appears) x (number of credits of courses where Ci appears) x (Grade of the course where
Ci appears)/ADD (number of credits of courses where Ci appears))
The analysis can be performed according to competence categories, students, groups and genre, among others,
depending on the information of interest for the center/university/Guarantee of Quality Commission, etc.
Given the curricula and their current definition, we extrapolate the grades in different courses to all of the
corresponding competences. This lack of information indicates the absence of competence evaluation in the
analyzed degrees.
5. Results
The analysis can be performed at both the Bachelor’s and Master’s level with slight differences. Logically, the
Bachelor’s level evaluation requires the completion of the corresponding degree. It was not possible to apply the
tool to the four years required for the completion of the degree. The students who initiated studies in 2010-2011 
were not included in the analysis (the legal limit required by Government regulations). However, it was possible to
validate the tool along academic years and check how students who passed the courses achieved the competences
in the subsequent years after their enrolment.
Figure 6. Acquisition of Competence CG1 by 16 students at the Master’s level.
For Master’s degrees, it was not possible to analyze the case of students who graduated with a Master’s in
Industrial Engineering because no graduates were available. However, the tool could be evaluated for students who
graduated with a Master’s degree with an Industrial scope. The corresponding coursework lacks a curriculum 
definition with a significant number of elective course credits, which are not taken by all students. Therefore, this
prevents a simple comparison between these students. For the results corresponding to the 2008/2009 academic
years, it is possible to observe how 16 students who graduated achieved the required competences. Figure 6 shows
the values below the standard value (a value of 5, red line). This is because the students did not register for all of 
the elective courses corresponding to this competence. In other words, the students have not fully developed the
competence according to the curriculum definition. The following figures (7 and 8) show how the data can be
extracted according to the purpose of the information that the persons responsible for the curriculum need.
Figure 7. Competence acquisition by the Master’s level student “x”
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Figure 8. Average Master’s competence acquisition for academic year 2008/2009
6. Conclusions
The results of this paper suggest that there is a serious problem in the curricula definition. It is necessary to
analyze the educational activities, teaching methodologies and evaluation systems for the Bachelor’s and Master’s
degrees at the institutional level. This will allow for improvements in the evaluation of competence acquisition.
Therefore, it is necessary to review the definition of the curricula while paying special attention to the relation
between competences and courses. The current study has detected notable discrepancies.
The courses must be evaluated through competences or, more precisely, through the results of the learning
process. This would considerably improve an evaluation model of the progress and results on the learning acquired 
by graduated students in terms of competences and would match what is established in the current regulation.
When analysing the results for two students, a simple comparison based on grades is not realistic, as it depends on
the subjectivity of instructors and teachers during the grading process. By contrast, an evaluation based on
competences (e.g., knowing how to translate a text or perform a plan) is much more objective and comparable and
would demonstrate which university reaches a better level of both general and specific competence achievement.
The results of the aforementioned procedure are of interest to employers, enabling them to search and hire the
best students in the desired field of study. A search can be conducted based on the competences that companies
need and, thus, are an employment requirement for graduated students.
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